The range in ratios of materials is much 'greater in the accumulation area than in the ice tongue. This is attributed to homogenization, much of which takes place during the conversion of snow to glacier ice. This is supported by comparative analyses of snow layers when first deposited and months later after alteration. Refreezing of rain and meltwater percolating into underlying cold snow is an important mechanism as shown by analyses of ice layers and lenses in the firn formed in this manner.
appears that icefalls and temperate conditions with copious meltwater and rapid exchange of material lead to complications difficult to interpret. In investigations to date, the applicability of oxygen-isotope studies to all types of glaciers has not been satisfactorily defined. The present investigation was made in an attempt to determine the usefulness of the oxygen-isotope method on a small temperate glacier with a large material budget [LaChapelle, 1959, pp.
443-446].
The Blue Glacier was selected because it is relatively small, geometrically simple, and easily accessible; its constitution and structure are known [Allen, Kamb, Meier, and Sharp, 1960] , and associated glaciological and meteorological studies contribute to an understanding of oxygen-isotope relationships. The principal items investigated are (1) the range and mean value of 0•8/0 •6 ratios as related to general environmental conditions and to the theory of oxygenisotope fractionation; (2) the influence of altitude and temperature on 0•8/0 •6 ratios; (3) changes in isotope ratios within firn layers during alteration; (4) differences in isotope ratios of the three principal types of ice, coarse-bubbly, coarse-clear, and fine, composing this glacier and their beating on the origin and history of these types of ice; (5) differences in isotope ratios of ice coming from various accumulation areas; (6) variations in isotope ratios along longitudinal profiles on the surface of the ice tongue below the firn edge and their relation to flow lines within the glacier; (7) differences in isotope ratios of the materials composing ogive bands as an aid in understanding the origin of this structure; and (8) changes in oxygen-isotope ratios, if any, produced by recrystallization, changes of state, and other processes related to solid flow.
A general program of glaciological research was begun on Blue Glacier in the summer of 1957; it has extended through 1960 and will be continued, with the permission of the National Park Service. It was preceded by Park Service observations in the 1940's and early 1950's and glaciological and glacio-meteorological work during 1955 and 1956 [Hubley, 1957] , and it has been accompanied by glacio-meteorological research on upper Blue Glacier from 1957 to 1959 [LaChapelle, 1958 [LaChapelle, , 1959 . Samples for oxygenisotope analyses were collected during the win- Lower Blue Glacier consists of two major and three minor ice streams, each originating in separate accumulation areas (Fig. 1) . Only major streams A and B extend to the snout; minor streams C, D, and E terminate along the east margin. Ice stream B consists of two currents below the icefall separated by an intensely foliated, structurally complex zone, the longitudinal septurn, which is unusually rich in fine ice and coarse-clear ice. This septurn separates two arc-shaped foliation patterns displayed by composite ice streams A q-B• and B2 q-C (Fig. 1) . Ice stream A also displays a series of weak ogives of the internal variety. Details of these and other structures are given elsewhere [Allen, Kamb, Meier, and Sharp, 1960] .
Sampling and analysis. The method of analysis has been described elsewhere [Epstein and Mayeda, 1953, p . 214] and will not be reviewed here. In this paper, the result of an analysis is expressed as a relative, per mil deviation of the 0•/0 • ratio of the sample from the ratio of a standard--in this instance, mean ocean water. This value, termed $, is calculated in the following manner. In such an arrangement the • for mean ooean water is r, ero. Sinoe the 0•/0 •ø ratio of all natural precipitation is lower than that of mean ocean water, the $ of such precipitation is always negative in this arbitrary system. Accurate analyses of the materials composing a glacier are of limited value unless the significance of the specimen is fully understood in terms of the field relations. A clear understanding of structural relations and a recognition of the different types of ice on the Blue Glacier proved necessary for intelligent sampling, and specimens had to be collected with specific objectives in view.
The practice has been to dig to fresh-looking ice 10 to 20 cm beneath the surface before taking a sample, in order to eliminate possible surface effects. The data of Nonetheless, the data (Fig. 2) show a reasonably consistent relation between 8 and altitude.
The value becomes lower with increasing altitude at a rate of 0.5 per 100 meters. As is shown in Table 2 An attempt to measure the rate of homogenization was made through cooperation of the Snowdome group by sampling layers of snow when they first accumulated and resampling them months later after they had undergone considerable alteration. The results (Table 4) , though interesting, are not entirely consistent or compelling. For example, the snow layer that accumulated on February 9, 1958, had a decidedly higher • when resampled on June 22, 1958. Part of this may have been due to its freewater content in June, which could have been in the neighborhood of 10 per cent by weight (LaChapelle, personal communication), but most of the difference was presumably due to the refreezing of water percolating down from the surface in late spring. An attempt to evaluate the effects of percolation was made by protecting part of the same snow layer by means of impermeable coverings. The difference in the samples so protected is consistent with a reduced percolation, but it is not of great magnitude. It may be that the percolating waters gained considerable access to the covered snow through lateral capillary channels and that the protection was only partly effective.
The $ values for the snow layers of February 17 and March 8 (Table 4) had also become higher when resampled on June 16 and June 5, respectively, but the change was much less than that in the snow layer of February 9. The shielded part of the March 8 layer showed a smaller change than the unshielded material, which would be expected if it had received less meltwater. However, the shielded samples of the February 17 layer had lower • values than the original snow. This is an unexpected result for which no satisfactory explanation has yet been found. The sampling procedure may be at fault. It is known that the • for ice layers and lenses in firn sections (Table 5) is generally higher than that in the adjacent firn layers. Since the ice bodies are formed by refreezing of percolated meltwater, they indicate that relative enrichment of 0 •8 by this mechanism does occur.
Oxygen-isotope ratios in tim. Knowledge of oxygen-isotope ratios within the firn of the accumulation area is valuable, as this is the source of the material composing the ice tongue of the glacier. In August 1958, samples were taken The data (Table 5) Types of ice. The tongue of lower Blue Glacier consists principally of three types of ice, arbitrarily identified as coarse bubbly, coarse clear, and fine? The fine ice is also bubbly, and all three types are described in more detail elsewhere [Kamb, 1959 , p. 1893; Allen, Kamb, Meier, and Sharp, 1960] . In many instances, closely associated specimens of these types of ice display significant differences in 8 values (Fig. 6, Table 6 ) which may reflect differences in genesis and history. In most places coarsebubbly ice constitutes at least 90 per cent of the exposed material. It is considered to be the 'normal' or 'average' ice, and its 8 provides a datum for comparison with other types of ice. (Table 6 ). The mean difference in 35 coarsebubbly and fine ice pairs is +0.7, and the maximum is +3.0. Statistical analysis shows that this difference is not due to chance. In 8 out of the 35 pairs, the $ of fine ice is lower.
At some locations it is clear from direct observation that the fine ice represents insets of snow or firn filling crevasses. However, it is not clear from the field relationships that all fine ice in lower Blue Glacier originated in this manner. Some of the fine-ice bodies are lenses or pods, others are highly irregular in shape, and many are thin folia intimately associated with the other types of ice. If all the fine ice represents inset bodies of firn, the geometrical relations have been so greatly modified and the fine ice so closely incorporated into the prevailing foliation structure of the glacier that the inset mode of origin is no longer obvious. We have entertained the thought that some of the fine ice may be ground-up or recrystallized [Kamb, 1959, (Fig. 5) , and the values for the coarsebubbly ice alone are plotted in Figure 7 .
The composite samples collected along the longitudinal profiles show no consistent trend in 8 values (Fig. 5) . Considering the possible ori-
• A composite sample consists of small chips of ice taken at ten separate spots distributed over an area not exceeding 10 to 12 m in radius. The three common types of ice are included in roughly the estimated proportions exposed on the surface at the sampling site.
gins of fine and coarse-clear ice, this is perhaps not surprising. However, the samples of coarsebubbly ice do show a somewhat irregular but unmistakable decrease in • downglacier (Fig. 7) . Irregularities in these curves probably reflect local inhomogeneities within the ice left over from the firn. Although physical aspects of individual firn layers may be obscured within the glacier tongue, it is hardly likely that the considerable differences in 8 values for individual firn layers (Fig. 4) A more reliable evaluation is perhaps afforded by comparison of the mean 8 for all samples of coarse-bubbly ice taken along the two transverse profiles, XX' and YY' (Fig. 6) . The mean value along the lower profile (--12.5) is lower than the mean value along the higher profile (--11.9). Other 8 values for coarse-bubbly ice on the surface of the glacier, but not located on the longitudinal profiles (Fig. 5) (Table 7) , presumably for reasons Coarse-bubbly ice -13.7 
